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In  the previous papers  of this  series which contain descriptions of the 
clinical and  pathological  course of spontaneous mammary tumors in  the 
rabbit, attention was focused entirely on the local neoplastic process and no 
reference was made to the animals in which it occurred.  A  consideration 
of the tumors from the point of view of the animal as a whole rather than as 
isolated pathological occurrences brings out points of interest which bear 
particularly on the genesis of the growths.  The object of this paper is to 
present the tumor-bearing animals from such a  viewpoint, placing special 
emphasis on the occurrence of irregularities in physiological behavior and 
the  presence  of pathological  changes in  endocrine organs  which tend  to 
relate the spontaneous growths to certain types of experimentally induced 
tumors.  In addition, the racial and familial relations of the tumor-bearing 
animals will be described and the findings reported in this and in previous 
papers will be discussed. 
Heredity 
An analysis of pedigree records shows that  the mammary tumors of this 
series came almost exclusively from two family groups of rabbits,  each of 
which presented  a  distinctive  type  of  growth.  The  females  of  the  two 
groups represented only a small part of the total female population of com- 
parable age and only two of the many racial and family lines in the colony. 
For the most part  these animals were bred with no knowledge of tumor 
potentialities.  Moreover, in the present investigation no attempt was made 
to  determine either the  genetics of  tumor animals  or  the precise  r61e of 
inheritance.  The material does not lend itself to such a study.  However, 
the fact that breast tumors were limited to this small section of the popula- 
tion is presumptive evidence of the action of hereditary factors and, while 
it is not possible to draw final conclusions, there is evidence that such factors 
influenced both the character and course of the disorder. 
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For present purposes it is necessary to condense the data bearing on this 
aspect of the tumor problem.  Representative pedigrees are given and other 
data are assembled in tabular form as a basis for the presentation of essential 
facts.  Reference will be made  to Tables I  and II of the first paper of the 
series in this  connection. 
The origin and transmission of breast tumors in the Belgian line are shown in Chart 1 
which gives the pedigree of B178.  This and other pedigree charts are to be read from 
left to right.  Thus,  the parents of B178 were the female B16-2 and the male B14-2. 
In each instance the upper member of a pair is the female and the lower is the male; 
known tumor females are marked with an asterisk. 
The Belgian stock of the colony came originally from the male 7459 and the female 
7460 designated as the R  strain.  This female developed cysts of the breast with a sup- 
purative mastiffs and was killed, but the male and a son (498)  by the above mentioned 
female were used extensively in the further development of the line and in crosses with 
four other strains of Belgians so that eventually the great majority of the Belgian popu- 
lation traced its ancestry to one or both of the original animals. 
In the pedigree given in Chart 1, two other strains of Belgians are represented.  One 
designated by the letter J  was old Institute stock; the other, represented by the male 
7954,  was  imported directly from  England.  Neither  of  these  lines was used in the 
making of the hybrid crosses with other racial stocks from which breast tumors were 
obtained; these came largely from 498 and B 14-2 on the one side and English rabbits on 
the other.  It will be noted that B14-2 carries blood from the British as well as the R 
strain but pure Belgians and hybrids from the British stock have not developed tumors. 
In like manner, the J  strain can be eliminated so that the R  line remains as the only 
constant source of hereditary factors in the Belgian and Belgian hybrid population. 
With the exception of the two hybrids X1539-1 and X2594-4, every animal listed in 
Table I, Paper I, was derived on one or both sides from the male 7459 or from both 7459 
and 7460.  Moreover, as shown in Chart 1, breast tumors have been found in the daugh- 
ters of tumor mothers for as many as three successive generations, 523-2,  B16-2, B178. 
In the case of the hybrids mentioned, both were mongrels with blood from several racial 
lines including English but not Belgian.  The group as a whole, therefore, is either Bel- 
gian or English or both with blood from other racial lines in some instances.  This third 
element, however, is a  widespread variant. 
The source of the hereditary factors on the English side of the Belgian-English hybrids 
and the pure English listed in Table II, Paper I, is less certain.  If the existence of an 
English tumor line is assumed, for which there is some evidence, an analysis of pedigrees 
shows that the two English and the English ancestor of the  English-Tan female came 
from a single family line which goes back on both sides to the male J5 and  one of two 
females, 7596 or J, as shown in Chart 2.  These were foundation stocks and the line is 
known as our dwarf English llne.  It was developed from J5  and  7596,  through  the 
male 443-3 which in reality became the head of the line. 
As in the case of the Belgians, it was impossible to maintain this line in pure form 
and it was outcrossed from time to time with another English strain.  This strain is 
represented in the pedigree chart by the male 7944,  the head of the line. 
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strain represented by the male 7944 and a female 7597 as shown in Chart 3.  Of the 18 
hybrids listed in Table I, Paper I, only 3 contained blood from the dwarf English or 
breast tumor line (Chart 4).  These were BE44-2, X6106-3 and X2594-3; 2 of these had 
rapidly progressive  cancerous lesions as compared with 2 cases of cancer among the 15 
animals derived from the other English line. 
There is, however, another factor which must be considered in this connection, namely, 
the relative preponderance of Belgian or English blood and its probable influence.  This 
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CHART 4 
is best brought out by a  consideration of apparent differences between  Belgian  and 
English tumors on the one hand and the tumors of hybrid stocks on the other. 
It will be recalled that the division of material contained in Tables I and II, Paper I, 
was  based on the character of the initial pathological process.  Table II  contains 4 
animals of which 2 were English,  one an English-Tan hybrid and one a Belgian.  An 
examination of this table shows that the 3 cases of cancer occurred comparatively late in 
life and in 2 instances death occurred at 67 and 58 months respectively.  The  third 
animal was still in excellent condition when killed at the age of 46 months. 
In Table I, it will be noted that there were 4 pure Belgians with cancerous lesions. 
The age of onset varied between 25 and 30 months, while the age at death of the 3 that 
died or were moribund when killed was 37 to 54 months.  2 other animals,  B348-1 and 
BE44-2 may be added to this group.  These animals were derived from aBelgian-English 170  FAMILIAL  MAMMARY  TUMORS  IN  RABBIT.  III 
cross followed by a backcross to the Belgian line and data on their tumors place them in 
the Belgian rather than in the English group.  One other animal in Table I, X6106-3, 
is of interest in this connection.  This animal was an F1 Belgian hybrid derived from a 
cross between a Belgian female and an F1 English-Polish  male, the English blood coming 
in this case from the English tumor line.  The animal was the only one of this particular 
class in the breast tumor group and also conformed with the Belgian type of behavior. 
It should be noted in this connection that of the three Belgian-English hybrids mentioned 
in this paragraph, two were crosses between the two tumor lines and, while one was an 
F1 Belgian hybrid and the other a backcross Belgian,  yet their behavior was essentially 
the same. 
The hybrids in the lower section of Table I, from EB2-2 to X10557-3 inclusive,  are of 
particular interest.  It will be noted that taken as a group, the mammary changes either 
developed relatively late in life or progressed slowly in comparison with the pure Belgians 
and other animals referred to above.  In the case of EB2-2, the breast tumor has been 
morphologically malignant for the past 9 months but the animal is still breeding.  It is 
now 58 months old and has exceeded the period of survival usually observed in the Bel- 
gians.  The behavior in this respect is more in line with the English tumor group.  This 
rabbit is an F1 English-Belgian cross  (English mother and Belgian father); BE75-6 is 
also an F1 Belgian-English cross of the reverse order, while the other animals of this 
group, with the exception of X10169-2,  are predominantly English.  X10169-2  is an 
animal of an entirely different genetic classification  and can hardly be considered in the 
present connection. 
The facts pointed out above have been reduced to tabular form and are 
presented  in  Table I  of  the  present  paper.  It will  be  observed that  the 
terminal condition in the Belgians and in the  Belgian-English  hybrids  with 
predominant Belgian blood was cancerous in the majority of cases.  On the 
other hand, with a single exception, the disorder in the  hybrids of predomi- 
nant English blood has not yet reached a  malignant stage despite a compar- 
able duration.  The three groups are small but the behavior of the animals 
in the different classifications tends to be consistent.  The characteristics of 
the breast tumors in the Belgian population and the Belgian-English hybrids 
derived from a backcross to the Belgian line as well as those derived from a 
cross between the two tumor lines tend, as far as they are known, to conform 
to one pattern with respect to age relations as well as to pathogenesis.  The 
case of B57-2  (Table II, Paper I) is a  notable exception to this  rule.  This 
animal was the mother of B240-2  (Table I, Paper I) and the situation  pre- 
sented  by these  two animals indicates  that  while,  for unknown  reasons,  a 
given animal may deviate from the usual pattern of behavior, the progeny 
of such an animal may act in conformity with the family group rather than 
with  the  immediate parent. 
The  Belgian-English  hybrids  in  which  the  English  blood predominates 
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tumor age relations in this group which indicate either a delay in the initia- 
tion of the disorder or a retardation in its progress as compared with tumor 
development in the other groups tend in the direction of the English tumor 
line  (Table II,  Paper I). 
While there can be no doubt concerning the action of hereditary factors 
in the production of these tumors, available evidence as to the mechanism of 
TABLE  I 
The Influence  ~  Predominant  Belgian or English Blood on Tumor Age Relations 
Classification 
Belgian 
Belgian-English* 
Belgian-English* 
No. 
B16-2 
B178 
B234-3 
B240-2 
B346-3 
B348-1 
BE44-2 
X6106-3 
EB2-2 
BE75-6 
X5943-9 
X7634-6 
X7768-3 
X8157-1 
X10557-3 
Terminal or present 
condition 
Carcinoma 
Papilloma 
Carcinoma 
lc 
Carcinoma 
Epithelial neoplasia 
Papilloma 
Cystic disease 
Papilloma 
Cystic disease 
* Predominantly  Belgian.  BE44-2  and X6106-3 also represent crosses between the 
tumor lines. 
Predominantly  English or FI Belgian-English. 
inheritance  is contradictory.  An analysis of pedigrees shows that in some 
instances breast tumors have developed in first generation  crosses between 
Belgian males and unrelated females as well as in crosses of the reverse order. 
This, however, is the exception rather than the rule.  In fact, the incidence 
of tumors even among the daughters of tumor mothers by males known to 
be capable of transmission has been very low, although, as has been shown, 
there are instances  of a  mother to daughter  transmission  for two to three 
successive generations.  Expression  of the  tendency is  therefore  recessive 
as  a  rule  but  occasionally  it  appears  to  be dominant.  This  paradoxical 
situation  would indicate  that  the  hereditary  influence  is  not  of  a  simple 172  :FAMILIAL  MAMMARY  TUMORS  IN  RABBIT.  III 
TABLE  II 
Reproductive  History of Tumor-Bearing Animals 
No. 
BI&2 
B178 
B234-:~ 
B240-2 
B346-3 
B348-1 
BE28-3 
BE44-2 
X1955-4 
X5074-2 
X6106-3 
per  per 
mo$.  cen~  cc'nL 
Before inception of  dis-  1st half  12  6  66.6  50 
order  2nd half  12  5  80.0 100 
During disorder  I1  11  27.2 100 
Before inception of dis-  1st half  11  8  62.5 100 
order  2ndhalf  11  11  9.0 100 
During disorder  12  13  0 
Before inception of dis-  1st half  12  12  25.0 100 
order  2nd half  12  13  15.3  0 
During disorder  7  9  11.1 100 
Before inception of dis-  1st half  11.5  10  30.0 100 
order  2nd half  11.5  8  12.5 100 
During disorder  15.0  17  29.4 100 
Before inception of dis-  1st half  9.0  5  60.0 100 
order  2nd half  9.0  5  60.0 100 
During disorder  8.0  6  16.6 100 
Before inception of dis-  1st half  5.5  3  66.6 100 
order  2nd half  5.5  4  25.0 100 
During disorder  6.0  4  25.0 100 
Before inception of dis-  1st half  15.0  5  80.0 100 
order  2nd half  15.0  7  14.2 100 
During disorder  1.0  1  100.0  0 
Before inception of dis-  1st half  11.5  8  37.5 100 
order  2ndhalf  11.5  12  8.3  0 
During disorder  2.0  6  0 
Before inception of dis-  1st half  15.5  6  100.0 100 
order  2nd half  15.5  7  71.4 100 
During disorder  6.0  4  25.0  0 
Before inception of dis-  1st half  8.5  7  42.8 100 
order  2nd half  8.5  4  75.0 100 
During disorder  0  0 
Before inception of  dis-  1st half  5.5  4  75.0 100  0 
order  2nd half  5.5  3  66.6 100  0 
During disorder  19.0  17  47.0  87.5  0 
~~= 
per  per  per 
cen~  cent  cent 
50  0  4.0  25.( 
0  0  2.7  18.~ 
0  0  4.3  7.c 
0  0  3.8  5.', 
0  0  ? 
0  0  5.0  0 
0  I00 
0  0  2.0  0 
0  0  3.6  0 
0  0  6.0  0 
0  0  4.8  8. 2 
0  0  5.6~  11.; 
0  0  7.0  4A 
0  0  7.0  0 
0  0  7.5  6.¢ 
0  0  6.0  0 
0  0  2.0  I  0 
0  0  7.5  0 
0  0  5.0~  0 
0  100 
0  0  2.6  50.( 
0  100 
0  0  8.3  0 
0  0  8.2  0 
0  i00 
0  0  6.6  0 
o  o  5.oi  o 
0  7.6  43.4 
0  4.5  44.4 
12.5  5.9  22.~ HARRY  S.  N.  GREENE 
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No. 
X9755-3 
X2594-3 
X1984-4 
X1539-1 
EB2-2 
BE75-6 
X5943-9 
X7634-6 
X7768-3 
X8157-1 
X10169-1 
Breeding period 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
Before inception of dis- 
order 
During disorder 
per 
~nt 
16.6 
100.0 
15.3 
23.5 
25.0 
3.8 
22.2 
45.4 
10.5 
45.4 
100.0 
10.7 
14.7 
0 
13.3 
0 
0 
54.5 174  ~AMILIAL  MA~ARY  TUMORS  IN  RABBIT.  ILl 
TABLE  Ll--Concluded 
No. 
X10557-3 
B57-2 
E33-5 
E126-2 
T36-1 
Breeding period 
Before inception of dis-  1st half 
order  2nd half 
During disorder 
Before inception of dis-  1st half 
order  2nd half 
During disorder 
Before inception of dis-  1st half 
order  2nd half 
During disorder 
Before inception of dis-  1st half 
order  2nd half 
During disorder 
Before inception of dis-  1st half 
order  2nd half 
During disorder 
mO$. 
o 
0 
16.0 
16.5 
16.5 
0 
21.5 
21.5 
8.C 
12.C 
12 .C 
0 
10.5 
10.5 
0 
per 
cent 
57.1 100 
55.5 100 
62.5 100 
8  75.0 100 
11  36.3 100 
2  0 
9  66.61100 
10  10.0 100 
0  200.0  I00 
I 
per 
cent 
per 
cent 
~  ~.~.~  ~  o 
~er  per 
~nt  cen~ 
0  6.2  12.0 
0  3.4  5.8 
0  4.0  0 
0  7.6  17.4 
0  5.5  31.8 
0  4.81  0 
0  3.0  33.3 
0  3.0  0 
Mendelian order or  that factors other than heredity play a  decisive r61e 
in determining the expression of hereditary characters.  Evidence obtained 
from pedigrees is not sufficient in itself to clarify this situation. 
Numerous animals of unrelated lines have been fostered by tumor-bearing 
animals and have been held under observation for long periods of time but 
in no instance have mammary tumors developed.  This, together with the 
low incidence of tumors among the daughters of tumor mothers is evidence 
against the passage in the milk of a factor influencing tumor development. 
Reproductive tlistory 
Essential facts relating to the reproductive history of 23  tumor-bearing 
animals and of 4 animals with cystic disease are recorded in Table II. 
The table is arranged to contrast the results of breeding activity during the period of 
disorder and the period previous to its inception and, for this reason, data concerning 
2 tumor-bearing animals in which the duration of the condition was not determined are 
omitted.  The breeding period preceding the clinical discovery of mammary changes is HARRY  S.  N.  GREENE  175 
divided into equal halves to bring out existing differences and the first half of the period 
is used as a standard for purposes of comparison.  It should be noted in this connection 
that in normal animals of similar age groups, the second half of a comparable period is 
almost  always characterized  by an  improvement  in  breeding  records.  21  of the 27 
animals under consideration were bred during the various intervals defined in this manner 
and pertinent  data are available. 
Fertility.--The fertility rate was reduced during the period of mammary 
disorder in 90.4 per cent of the  affected animals.  5  of the  animals  were 
completely sterile and in all but one of the remaining instances the reduction 
was of significant proportions.  On the other hand, the percentage of fertile 
matings was increased in 2 cases, but in both the number of matings  was 
insufficient to allow an accurate comparison  of the different intervals  and 
the findings are without significance. 
Fertility was likewise reduced, in the majority of cases, during the latter 
half of the period preceding mammary changes.  In a number of instances, 
the rate was unchanged or increased but, in all such cases, a division of the 
period into  smaller  intervals  showed a  gradual  increase in  the  number of 
sterile matings. 
As a rule, the proportion of infertile matings was progressive and reached 
a  low point  during  the  course  of disorder,  but  in  a  number  of instances 
sterility  was  more  pronounced  in  the  period  immediately  preceding  the 
appearance of mammary changes and was followed by improvement with 
increased fertility which approached or exceeded that of the first interval. 
Gestation.--17  of the  listed  animals  proved fertile  during  the  course of 
the  disorder  and  in  11,  or  58.8  per  cent  of  them,  the  various  gestation 
periods proceeded normally and parturition  occurred at the end of a usual 
term.  In  the  6  remaining  cases,  however,  one  or  more  of  the  gestation 
periods terminated  prematurely in abortion or in resorption of feti. 
Abortion  occurred  in  a  single  animal  during  the  first  interval  before 
inception of the disorder but, on the other hand,  either abortion or resorp- 
tion of feti terminated gestation periods in 22.7 per cent of the 22 animals 
that  became pregnant  during the second interval. 
Litter Size and Dead-Born  Young.--The average number of progeny was 
reduced in the litters of 7 of the 12 animals that bore young during the period 
of clinical disorder.  A progressive reduction in average litter size through- 
out the period of breeding was a rare finding but a general decrease occurred 
during  the  interval  preceding  breast  changes  and  involved  the  litters  of 
77.7  per cent of the animals  that  gave birth  at that  time. 
The  incidence  of  dead-born  young in  litters  was  increased  during  the 176  FAMILIAL  MAMMARY  TU~ORS  IN  RABBIT.  III 
disorder in 33.3 per cent of the animals.  This manifestation was also ap- 
parent in the preceding interval during which it was more generalized and 
involved 44.4 per cent of the animals. 
Group Average.--A  consideration of the group as a  whole rather than of 
individual animals  emphasizes  the variation in reproductive function that 
characterized  breeding  history  in  successive  clinical  periods.  Table  III 
is constructed from this point of view and presents the results obtained from 
averaging  the  activity  of  the  entire  group  during  the  various  intervals 
defined in a previous paragraph.  All of the different indices of reproductive 
function  used  in  this  analysis  give  evidence of a  progressive  disturbance 
which preceded the appearance  of mammary changes and  reached a  peak 
during tumor development. 
TABLE HI 
Summary of Reproductive History of Tumor-Bearing Animals 
Breeding period 
Before inception of disorder  1st half 
2nd half 
During disorder 
Fertil- 
ity 
per cen~ 
58.2 
39.5 
31.4 
~orina 
deliv- 
ery 
~er ten 
98.0 
91.0 
75.6 
Abor- 
tion 
#er cenJ 
2.0 
3.0 
4.0 
lesor~ 
Lion ol 
prod- 
ucts 
of 
:oncet: 
tion 
~er ten 
0 
6.0 
20.4 
Aver- 
age 
nnnl- 
ber of 
young 
in 
litter 
6.2 
5.2 
4.8 
Dead- 
born 
young 
#er cent 
8.9 
10.8 
17.3 
Maternal Care.--An exact analysis of alterations in maternal care is not 
possible from the available data,  for in many cases litters were discarded 
or  fostered  at  birth.  It  was  apparent,  however, that  in  the  majority of 
cases no great variations were related to the occurrence of the disorder and 
that  the  tendencies  expressed  during early breeding history  continued  to 
characterize the animal throughout its reproductive career. 
As a rule, if an animal manifested a disposition to desertion or poor maternal care at 
an early period, this tendency became more pronounced with continued breeding.  How- 
ever, outstanding exceptions to this generalization occurred and are typified by the 
history of one rabbit, B240-2.  In this instance, the animal had been an exceptionally 
poor breeder and had failed to raise a single litter but became an excellent breeder with 
a relatively high fertility percentage and succeeded in raising  thrifty young even after 
biopsy sections of the breast mass had shown invasive growth.  There were other cases 
of this kind but the above is of particular interest inasmuch as the improvement in 
reproductive function was  accompanied by other evidences  of constitutional change. 
The animal had been fat, disinclined to activity and generally of poor type, but following HARRY  S. N.  GREENE  177 
the occurrence of breast changes a profound transformation became apparent with loss 
of fat and lassitude and a reversion to the slender, racy, Belgian conformation. 
General Pathology of Tumor-Bearing Animals 
While  the  dominating  gross  lesion  in  these  animals  was  the  mammary 
tumor, pathological changes found in other organs at autopsy reflected the 
physiological disturbances observed clinically and were of such a  nature  as 
to suggest that the presence of neoplasia in the breast formed only a  local 
manifestation  of a  generalized  constitutional  disorder.  The pituitary and 
suprarenal  glands  of animals in  the  various stages of tumor  development 
showed  consistent  and  unusual  alterations.  The  thyroid  and  uterus  also 
presented  abnormafities  which,  however,  are  found  in  other  disorders 
throughout the general animal population. 
g 
Animals with an Antecedent History of Cystic Disease.--The suprarenal changes were 
present in animals killed during the phase of cystic disease but were usually more pro- 
nounced in subsequent stages (Fig. 1).  They consisted in the presence of small, irregu- 
larly rounded, pale, grey areas which in routine sections appeared to be made up of 
clusters  of  large,  washed-out  ceils  containing  pyknotic  nuclei  and  numerous  small 
vacuoles.  Such areas were found scattered throughout the cortex or medulla but tended 
to be concentrated in the inner portion of the zona reticularis and their presence was 
indicated in the gross by a distinct yellowish  ring in this region.  In later stages, the 
nuclei disappeared and cell boundaries became indistinct so that, except for the vacuoles 
which enlarged and coalesced,  the areas appeared more or less homogeneous. 
The pituitary was enlarged in all stages of the disorder (Fig. 2) and a comparison of 
the weights of glands obtained from animals killed at different periods indicates a rela- 
tionship between the degree of enlargement and the progress of the disease.  The weight 
of glands obtained during the cystic stage averaged approximately one and one-half 
that of pituitaries derived from normal animals of the same breed, age and size.  Using 
the same standard of comparison, the glands increased 2 to 3 times during the stage of 
non-invasive neoplasia and from 4 to 5 times after active invasion.  The largest gland 
observed in the present series weighed 308 rag. which represents a fivefold increase based 
on an average normal weight of 60 rag. 
The enlargement was found on section to be due almost entirely to hyperplasia of 
the chromophobic cells of the anterior lobe.  In the great majority of eases, the hyper- 
plasia occurred widespread throughout the lobe, but in a few cases it remained localized 
with  the  production  of  adenoma-like masses  (Fig.  3).  Granular  cells,  which  were 
represented chiefly by acidophiles, were more numerous in cases  of localized  chromo- 
phobic hyperplasia but were greatly diminished in both types.  Their reduction was 
least marked in animals killed during the cystic stage but was so pronounced in animals 
with invasive tumors that whole sections failed to show a single granular element. 
Cells of the intermediate lobe were often found deep in the substance of the anterior, 
as well as of the posterior lobe, but the frequency of this finding in apparently normal 
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unusually distinct and numerous in the posterior lobe and large masses of similar staining 
material occupied variable portions of the intermedia border. 
The follicles of the thyroid were widely dilated with pale eosinophilic  material and 
were lined by flattened epithelium.  Septal walls were ruptured in scattered areas pro- 
ducing  cysts which  were occasionally detected  macroscopically.  The  stroma of the 
gland was hyaline in appearance and appeared infiltrated with material possessing  the 
staining qualities of colloid. 
The endometrium of the uterus was hyperplastic and gross cysts were common (Fig. 
4).  In the majority of cases, the hyperplasia was glandular in type and sections showed 
the typical Swiss cheese pattern observed in the disorder in women.  Occasionally,  the 
hyperplasia was limited to the stroma, glands were absent and the lining epithelium 
atrophic. 
Additional foci of neoplasia were found at autopsy in 3 animals with cancer and in 3 
with  non-invasive anastomosing papillomata.  The  coincident  tumors in  the  second 
group were all adenomata of the uterus, 2 of which had invaded the muscular coat and 
were definitely carcinomatdhs.  A similar growth was found in one animal of the first 
group, a uterine hemangioma in another and a carcinoma of the skin of the foot with 
metastasis to a popliteal lymph node in a third. 
Animals with No Abnormal Antecedent Breast History.--With  the exception of the 
pituitary, the endocrine organs of animals bearing tumors of this type showed patho- 
logical changes  comparable to those found in  the animals described in  the previous 
section.  The pituitary glands, on the other hand,  were either normal in  size or only 
moderately enlarged and exhibited no gross disproportion in granular and non-granular 
elements.  The endometrium in all instances showed pronounced cystic hyperplasia and, 
in  one case,  was also involved in an invasive adenomatous growth.  The ovaries and 
parovarian tissue frequently contained pea-sized cysts and the right ovary of one animal 
was the site of a large cyst containing 50 cc. of fluid. 
Circumstances Influencing the Course of Tumor Development 
It is apparent from examination of Table I  of Paper I  that the duration 
of  the  disorder  and  of  its  individual  stages  was  subject  to  considerable 
variation.  The  same  anatomical  changes  were  frequently  found  in  the 
breasts of animals killed after periods of disease of extremely variable dura- 
tion.  In addition,  invasion was present after a  course of 2  months in one 
instance, while in another the disorde~ had not progressed beyond the stage 
of cystic disease after a  duration  of 16 months. 
Such variations  constitute  an integral part of the  investigation  of these 
tumors and this phase of the study is being developed at the present time. 
The material now available is unsuitable in many ways for statistical analy- 
sis but certain observations relative to the influence of different factors on 
the course of the disorder will be considered in the present section both be- 
cause of the  implications  involved and because they  indicate  the  trend  of 
future  studies. 
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the older animals of this series but there is no definite evidence to indicate 
whether age or a coincident factor was of significance in this respect.  It is 
apparent,  however,  that  an  age  difference distinguished animals bearing 
tumors of the different types.  Cystic changes appeared in the breasts of 
one group at ages varying from 10  to 44  months while tumors were dis- 
covered in animals without antecedent cystic disease at ages ranging from 
34 to 51 months.  The average age was 28.3 months in the first group and 
43.5  months in the second. 
Breeding History.--Reproductive  activity was of no apparent  influence 
on the course of the disorder after the  development of neoplasia.  It was 
constantly observed,  however,  that  the  stage  of  cystic disease  was  con- 
siderably prolonged if affected animals remained fertile and were allowed to 
nurse their litters.  In such cases, pronounced cystic changes present before 
pregnancy frequently disappeared  entirely after lactation or  only a  few 
areas of granular thickening persisted. 
Physical  Condition.--The  general health  of  the  animal  played  an  ap- 
preciable  r61e in  the  course  of  both  cystic  and neoplastic  stages.  As  a 
rule, if the physical condition  became  impaired,  the  sequence  of  events 
proceeded slowly or the disorder was arrested for long periods of time in any 
one of its developmental stages.  Arrested development of this nature was 
particularly noticeable during the early phases of cystic disease and, in a 
number of instances, the breasts of animals in poor health remained in a 
state of partial engorgement with minor cystic changes for more than a year. 
Regression of existing changes accompanied impairment of general health 
in other cases. 
In one specific instance, an animal with pronounced cystic disease suffered partial 
paralysis and a sudden deterioration in physical condition following  parturition.  All of 
the litter died shortly after birth and the doe was not nursed.  The cystic breast lesions 
underwent coincident involution until the presence of abnormal changes could only be 
established by careful examination.  Eventually  the  paralysis disappeared and  the 
animal returned to health.  Simultaneously, cystic disease recurred and the disorder 
passed rapidly into the stage of papillary neoplasia. 
Coincident Neoplasia.--It was noted in the previous paper that the pres- 
ence of rapidly invasive growth in one breast was associated with slow, less 
active invasion in the remainder of the mammary system.  A restraining 
influence of  the  same  nature  was  also  apparent  in  unrelated  neoplastic 
lesions in other organs, and in a  number of cases, the action tended in a 
reverse  direction and  breast  tumors  with pronounced  anaplastic cellular 
changes remained confined to normal boundaries in the presence of an  in- 
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A reciprocal relationship of this character was evident in 5 of the 6 cases in which 
coincident neoplasia existed.  In one instance (B16-2) a coexisting  hemangioma of the 
uterus showed slow growth and little histological  evidence of activity.  In another in- 
stance (B234-3) an endometrial adenoma of known duration remained confined to the 
mucosa without the muscular invasion that characterized ordinary tumors of this type 
after a similar period of development.  A reversal of this relationship was apparent in 
other animals.  In 2 cases (X1984-4 and X1539-1), the secondary focus of neoplasia in 
the uterus advanced to cancer while the breast disorder remained in an early develop- 
mental stage for a long period of time.  In a third instance (B346-3) the presence of an 
epithelioma of the skin of the foot with a metastatic growth in a popliteal lymph node 
was associated  with long continued anaplastic cellular changes  without invasion in the 
mammary tumor.  On the other hand, the growths in the breast and in the uterus 
advanced at a comparable rate in one animal (E33-5) and, while death was eventually 
caused by metastases from the mammary tumor, wide, local invasion was present in the 
uterus. 
Cystic  Disease without Subsequent  Neoplasia.--The  position  of  cystic 
disease as an essential stage in the development of one type of neoplasia is 
beyond question, but a type of cystic disease which is not followed by new 
growth is of occasional occurrence in the general rabbit population.  The 
mammary changes in  this type are  confined to small, isolated, pea-sized 
cysts.  The disorder is not progressive and, on the  contrary, tends to dis- 
appear with time.  Cystic disease of the type described in a previous section 
and characterized by large, multiple cysts has never been observed as an 
isolated disorder, but if the animal lives is always progressive in character. 
Animals with uterine adenomata frequently show cystic changes which 
may be widespread throughout the mammary tissue.  The disease may per- 
sist with periods of exacerbation and regression throughout the life of the 
animal.  In the great majority of cases, the changes do not progress beyond 
the cystic stage, but in a number of instances, as previously noted, neoplasia 
in the breast dominated the picture. 
DISCUSSION 
An investigation of mammary tumors in the rabbit brings out two main 
points which warrant further consideration.  The occurrence of two types 
of neoplasia in the rabbit,  one of which originates in breasts which have 
been the seat of cystic disease and the other in tissue without antecedent 
clinical change, would seem to bear directly on a problem in human med- 
icine.  The existence of specific endocrine changes in both types, on  the 
other hand, is of interest to experimental cancer research inasmuch as similar 
changes are found in animals subjected to treatment with one class of car- 
cinogenic substances. 
The relationship between cystic disease of the breast and the develop- BARRY  S. N.  GREENE  181 
ment of  cancer is  a  much debated  question  in  human  pathology.  The 
majority opinion favors the existence of a  definite relationship, the nature 
of which, however, remains controversial.  One school holds cystic mastiffs 
to be itself a neoplastic disease and considers progress to cancer comparable 
with the anaplastic advancement of other tumors.  Other workers, with 
varying conceptions of the fundamental nature of cystic disease, stress the 
importance  of  abnormal  environmental relations  imposed  on  mammary 
epithelial cells during cystic disease in  their subsequent neoplastic trans- 
formation.  On  the other hand,  a  large group  of observers emphatically 
deny the existence of any association between cancer and cystic mastiffs 
and some maintain a  purely inflammatory conception of the origin of the 
latter. 
All of the rabbits in which cystic disease was followed by neoplasia were 
members of  a  genetically related  group  but,  outs~e  this  family,  cystic 
disease did  not progress  to  neoplasia  and,  on  the  contrary,  new growth 
occurred as an entirely independent process. 
The morphology of the tumors was constant in relation to the previous 
history of the breast.  A  distinctive papillary structure characterized all 
growths originating in cystic breasts while tumors arising in breasts with a 
normal antecedent history were distinguished histologically by an atypical 
proliferation of acini.  The dependence of the papillar form of the disorder 
on preexisting cystic mastiffs rather than on a special attribute of the family 
in which it occurs was apparently demonstrated by the fate of one of its 
members.  In this animal, neoplasia was delayed for more than a year and 
a  half beyond the group average but eventually occurred without preced- 
ing cystic change and was characterized morphologically by an acinar rather 
than by a  papillar structure. 
It appears, therefore, that while in certain animals cystic mastiffs bears 
no relationship to the development of neoplasia and under certain conditions 
may occur  as  a  non-progressive disease,  it  is,  nevertheless,  an  essential 
precursor to one form of neoplasia in  the rabbit.  It is  conceivable that 
similar considerations may apply to the association of these conditions in 
man. 
The r61e of cystic disease in the pathogenesis of neoplasia is the subject 
of present investigations.  A  conception of the disease as an independent 
and etiologically unrelated process does not conform to known facts which, 
on the contrary, indicate a  similar causal genesis.  The possibility exists 
that animals of the family in question are distinguished by an inherent sus- 
ceptibility to neoplasia which in the usual course of events is brought to 
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of cystic disease.  If, on the other hand, cystic disease does not occur the 
susceptibility may still be expressed at a later date, as in the instance cited 
above.  However, in view of the constancy with which cystic disease and 
neoplasia occurred as succeeding events in the breast, it seems more probable 
that  they represent progressive  stages  of a  pathological  process.  Other 
evidence indicative of such a  relationship is found on examination of the 
endocrine organs of animals that died or were killed during different stages 
of the disorder. 
The observation  that  the action of estrone extends beyond the organs 
of reproduction to  embrace the  entire endocrine system was  first  made 
by Cramer  and  Horning  (1,  2)  and has  received abundant confirmation 
by other workers  (3).  The  changes in  the uterine mucosa, pituitary and 
suprarenal glands which follow long continued treatment with estrone are 
identical with those fqbund in tumor-bearing rabbits of the family in question 
and, in view of the known carcinogenic action of such substances, particularly 
on mammary tissue, it is inferred that the spontaneous tumors represent a 
natural counterpart to the experimental production of neoplasia with  such 
substances and arise on  the  same basis.  In  such cases,  the presence  of 
specific changes in  the endometrium and endocrine glands in  the earliest 
stages of cystic disease suggests the operation of the  same  factors  in  the 
genesis of that condition, while the progressive increase in the extent of the 
changes during subsequent  stages  of  the  disorder  is  additional  evidence 
of a continuous disease process. 
This conception may be extended to cover the second type of neoplasia 
as well as non-progressive cystic mastiffs on the assumption of a differential 
reaction based on different genetic constitution or on variations in strength 
and duration of stimulus.  Thus,  cases of cystic mastiffs which undergo 
regression may be considered as resulting from a temporary derangement of 
glandular mechanism of insufficient duration to produce secondary endocrine 
changes and withdrawal of the abnormal stimulation is followed by a return 
to normal breast structure.  On the other hand, the adenomatous type of 
neoplasia without cystic disease but with comparable changes in the endo- 
metrium and in all endocrine organs, with the exception of the pituitary, 
may conceivably arise on the same basis in animals of fundamentally differ- 
ent  constitution  or  at  different age  periods.  The  pronounced variation 
observed in  the effects of estrone when administered to mice of different 
genetic constitution or of different ages bears on this point. 
The progress of the disorder from non-invasive neoplasia to cancer was 
sometimes delayed for long periods of time and in a  number of instances 
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nosed on a basis of local invasion existed for many months as a  relatively 
benign disease.  It is of considerable interest that in many such cases foci 
of neoplasia were found in other organs and may have exerted an inhibitory 
influence on the mammary growth.  Other animals were of an older age 
group or remained in poor physical condition and the progress of growth was 
similar  to  that  which apparently occurs in  tumors  that  form secondary 
autopsy findings in elderly human beings who have suffered from a  long 
debilitating illness. 
The coexistence of mammary and uterine tumors is not an uncommon 
finding in  human pathology  (4).  In  the present series of 25  mammary 
tumors, there were 6 coincident uterine growths of which one was a heman- 
gioma and 5 were adenomata.  This frequent association, together with the 
occurrence of mammary changes in nearly 50 per cent of cases of uterine 
adenomata, is additional evidence of the general involvement of the repro- 
ductive system in the disorder and is further suggestive of a hormonal origin. 
The occurrence of similar endocrine changes in  animals with uterine and 
with mammary tumors indicates a common etiological factor, while the pre- 
ponderance of breast growths in certain genetic lines and of uterine growths 
in others suggests the operation of accessory hereditary location factors. 
SUMMARY 
The clinical and pathological course of 25 mammary tumors in rabbits 
has been described.  The antecedent breast history and morphology of the 
growths allowed a natural classification into two distinct types, one of which 
was distinguished by a preexisting cystic mastiffs and a papillary structure, 
while  the  other originated  in clinically normal mammary tissue and was 
characterized by an adenomatous structure.  The two types of neoplazia 
occurred almost  exclusively in  two  family groups and heredity played a 
fundamental r61e both in the occurrence of the tumors and in the determina- 
tion of tumor type.  Endocrine changes,  comparable with those found in 
animals after long continued administration of estrogenic substances,  oc- 
curred in  tumor-bearing rabbits and it was inferred that the spontaneous 
growths represented a  natural counterpart of the experimental induction 
of neoplasia with estrone. 
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EXPLANATION OF PLATES 
PLATE i8 
FIO.  1.  Section of suprarenal.  Greyish rounded areas containing large, pale cells 
are scattered throughout  the cortex and medulla and tend to be concentrated in the 
boundary zone.  In addition the cortex contains a number of cysts filled with homogene- 
ous eosinophilic material.  Hematoxylin and eosin.  X 41. 
FIG. 2.  Pituitary of a tumor-bearing animal compared with that of a normal animal 
of the same age, breed and size.  The pituitary of the tumor-bearing animal weighed 
308 nag., while that of the normal animal weighed 50 rag.  ×  1.55. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  70  PLATE 18 
Photographe:l  by J. A. Carlile 
(Greene: Familial mammary  tumors in rabbit.  III) PLATE 19 
FIG. 3.  Section of pituitary from a tumor-bearing animal showing a central, localized 
area of chromophohe cell hyperplasia.  This is not usual and, as a rule, the chromophobe 
hyperplasia  is  generalized  throughout  the  anterior  lobe.  Modification  of  Mallory's 
aniline blue.  X 20. 
FIG. 4.  Section of uterus from a tumor-bearing animal, showing areas of cyst formation 
and glandular hyperplasia.  Hematoxylin and eosin.  ×  27.5. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  70  PLATE 19 
Photographed by J. A. Carlile 
(Greene: Familial  mammary  tumors in rabbit.  III) 